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Fluorescence Imaging-Based Screen
Identifies ARF GEF Component
of Early Endosomal Traffickingcarriers for the plant hormone auxin from the PIN family
[4, 16]. PIN proteins show polar localization at the plasma
membrane and thus regulate directionality of auxin transport
[17, 18]. PIN proteins undergo constitutive endocytic recy-
cling; they are endocytosed by clathrin-dependent pathway
[3] and recycled back to the plasma membrane by a pathway
dependent on vesicle budding regulator GNOM ARF GEF
(guanine-nucleotide exchange factor for ADP-ribosylation
factor GTPase), which is sensitive to a fungal toxin brefeldin
A (BFA) [4, 5, 19]. This endocytic recycling has clear functional
importance to regulate auxin efflux activity at the cell surface
[20] and it is also a potential mechanism that allows rapid relo-
cation of PIN proteins in response to developmental and envi-
ronmental cues [8]. Differently localized PIN proteins appear to
use distinct trafficking routes. The basal targeting pathway as
exemplified by PIN1 delivery in the root stele is GNOM depen-
dent and sensitive to BFA whereas the apical pathway as
exemplified by PIN2 in epidermis or AUX1 auxin transporter
in the stele is BFA insensitive [19, 21, 22]. The endocytosis
seems to be largely insensitive to BFA, so BFA treatment
causes a rapid internalization and aggregation of basally local-
ized PIN1 protein into an agglomerated endosomal compart-
ment called BFA compartment. This BFA effect can be used
to visualize endocytosis of PIN1 protein as well as other consti-
tutively recycling plasma membrane proteins [3, 4].
Despite the demonstrated physiological importance of
endocytic recycling in plants, functional information on molec-
ular components regulating cargo sorting and vesicle traf-
ficking is limited. Straightforward screens for components of
endocytic trafficking are often ineffective, because mutations
abolishing essential trafficking pathways leads to lethality
[23, 24]. On the other hand, forward-genetic screening should
be a feasible approach to identify new factors involved in
a complex trafficking system composed of bypass pathways.
We reasoned that screening for weak mutants by a direct
observation of a cargo protein would allow us to identify
molecular components involved in endocytic trafficking. We
designed a forward genetic screen to identify Arabidopsis
mutants that do not efficiently internalize and/or accumulate
PIN1-GFP in the BFA compartment. We screened EMS-muta-
genized M2 population of PIN1::PIN1-GFP [6]. After screening
25,550 M2 seedling roots descended from 1,200 M1 plants by
epifluorescence microscopy and re-examination at M3 gener-
ation, three mutant lines, in which BFA does not induce typical
agglomeration of internalized PIN1-GFP, were identified.
These mutant lines were namedBFA-visualized endocytic traf-
ficking defective1 (ben1) through ben3 (Figure 1).
The ben Mutations Affect Distinct Membrane Trafficking
Processes
PIN1-GFP protein localizes predominantly to the plasma
membrane [6] (Figures S1A–S1D available online), but the
typical intracellular agglomerations of PIN1-GFP form in wild-
type seedlings after BFA treatment for 30 min (Figure 1A).
Under the same condition, all three ben mutants had dimin-
ished internalization and agglomeration of PIN1-GFP (Figures
1B–1D, 1M, and 1N). We observed similar defects in agglomer-
ation of PIN2 and plasma-membrane H+-ATPase (PM-ATPase)Hirokazu Tanaka,1 Saeko Kitakura,1 Riet De Rycke,1
Ruth De Groodt,1 and Jirˇı´ Friml1,*
1Department of Plant Systems Biology
Flanders Institute for Biotechnology (VIB)
and Department of Molecular Genetics
Ghent University
9052 Gent
Belgium
Summary
Endocytic vesicle trafficking is crucial for regulating activity
and localization of plasma membrane components, but the
process is still poorly genetically defined in plants.
Membrane proteins of the PIN-FORMED (PIN) family exhibit
polar localization in plant cells and facilitate cellular efflux
of the plant hormone auxin, thereby regulating multiple
developmental processes [1, 2]. PIN proteins undergo
constitutive endocytosis and GNOM ARF GEF-dependent
recycling [3–5], and their localization is under extensive
regulation by developmental and environmental cues [6–9].
We designed a fluorescence imaging-based screen to iden-
tifyArabidopsis thalianamutants defective in internalization
of proteins including PINs from the plasma membrane. We
identified three mutant loci, BFA-visualized endocytic traf-
ficking defective1 (ben1) through ben3 that do not efficiently
accumulate PIN1-GFP in intracellular compartments after
inhibition of recycling and secretion by fungal toxin brefel-
din A (BFA). Fine mapping revealed that BEN1 encodes an
ARF GEF vesicle trafficking regulator from the functionally
uncharacterized BIG class.ben1mutant has been previously
implicated in pathogen response [10] and shows cell
polarity, BFA sensitivity, and growth defects. BEN1 is
involved in endocytosis of plasma membrane proteins and
localizes to early endocytic compartments distinct from
GNOM-positive endosomes. Our results identify BEN1 as
the ARF GEF mediating early endosomal traffic.
Results and Discussions
Screening for Mutants with Altered PIN1-GFP Trafficking
The plasma membrane of eukaryotic cells is an important func-
tional interface between the cell and the surrounding environ-
ment. The regulated retrieval of transporters and receptors, for
example, from plasma membrane (endocytosis) and their
delivery by exocytosis (endocytic recycling) play crucial roles
in controlling activity of these proteins at the cell surface
[11]. In yeast and animal systems, molecular machineries
involved in vesicle invagination, scission, and trafficking
have been identified [12]. Plant genomes encode homologs
of vesicle transport-related proteins, and roles of such
proteins in cytokinesis, development, or responses to micro-
bial pathogens are emerging [13–15]. Physiologically impor-
tant, prominent cargos of endocytic trafficking are efflux
*Correspondence: jifri@psb.ugent.be
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392Figure 1. Localization of Plasma Membrane Proteins in BFA-Treated ben Mutants
(A–L) Defects in agglomeration of PIN1-GFP (green, [A]–[H]), PIN2 (red, [E]–[H]), and H+-ATPase (PM-ATPase) (red, [I]–[L]) after BFA treatment. Scale bar in (L)
represents 20 mm for (A–L).
(M) Number of agglomeration per cross section of a single cell reveal that ben mutants are defective in intracellular agglomeration of PIN1, PIN2, and
PM-ATPase. Punctated signals whose cross section is larger than 0.5 mm2 were considered as agglomeration.
(N) Intensity of total intracellular signals per cross section of a cell reveal that ben mutants are defective in BFA-induced internalization of PIN1 and
PM-ATPase but not PIN2, whose recycling is BFA insensitive. Internal signals smaller than 0.5 mm2 were also considered. Error bars represent SE.positive endosomes (Figure 2B) and relocation of GA
(Figure 2F). Consistently, in the presence of BFA, FM4-64 did
not stain typical agglomerated structures in ben1 roots (Fig-
ures S2E and S2F). The absence of typical BFA compartment
was also verified by ultrastructural analysis with transmission
electron microscopy (TEM): whereas wild-type cells formed
large agglomerations that consist of heterogenous compart-
ments as previously reported [20, 25], ben1 cells formed
smaller agglomeration of homogenous compartments (Fig-
ures 2I and 2J), reminiscent of trans-Golgi network (TGN),
which is malformed by reduced function of TGN/early endo-
some localizing V-type ATPase (V-ATPase) [25]. In contrast,
ben2 mutant did not show any defects in BFA-induced endo-
some aggregation and GA relocation (Figures 2C and 2G) and
the ben3 mutant showed only mild defects in these processes
at lower concentration of BFA (50 mM) (data not shown) but
with higher concentration of BFA (100 mM), endosomes, and
GA aggregated similar to wild-type (Figures 2D and 2H).
Next we tested a physiological effect of BFA in wild-type and
ben mutants. It has been shown that BFA inhibits root growth
in an ARF GEF GNOM-dependent manner [5]. When seedlings
were germinated and grown on solid media containing various
concentration of BFA, growth inhibition in the ben1 and ben2
mutant seedlings was even more pronounced than in wild-
type (Figures S3A and S3B). In contrast, root growth in the
ben3 mutant was less sensitive to BFA (Figures S3A and S3B).
Taken together, these results revealed clear difference
between ben mutant phenotypes in terms of membrane traf-
ficking defects and BFA sensitivity. All mutations affect the
accumulation of internalized PM proteins in aggregated(Figures 1E–1N; Figures S1E–S1L for untreated controls).
However, ben mutants had comparable amount of total intra-
cellular PIN2 signals in epidermis cells after BFA treatment
(Figure 1N), although this presumably pre-existing endosomal
PIN2 population was less agglomerated (Figure 1M). These
observations confirm the previous notion that the apical PIN2
targeting in epidermis is BFA insensitive [19]. To specifically
visualize trafficking of endocytosed membranes, we monitored
the endocytic tracer FM4-64. In BFA-treated wild-type plants,
FM4-64 was very rapidly incorporated and labeled aggregated
endosomes as reported previously [25] (Figure S2A). In con-
trast, ben mutants had less pronounced internalized signals
(Figures S2B–S2D). These results imply that ben mutations
are defective in BFA-sensitive endocytic trafficking.
Conceptually, intracellular agglomerations of plasma
membrane proteins in the presence of BFA are caused by inhi-
bition of BFA-sensitive ARF GEFs involved in recycling to the
plasma membrane and aggregation of endosomes, where
constitutive endocytosed cargo proteins accumulate.
Because modulation of any of these steps can cause a pheno-
type similar to the ben mutants, we addressed which step was
affected in each mutant.
First, we examined whether BFA can induce aggregation of
endosomes in ben mutants. As reported previously [5, 20],
BFA induces aggregation of ARF1-labeled endosomes
(Figure 2A) and relocation of the Golgi apparatus (GA) to the
periphery of the endosome-containing BFA compartment
(Figure 2E). Appearance of GA seemed normal in untreated
ben mutants (Figures S1M–S1P), but ben1 mutant showed
pronounced defects in BFA-induced aggregation of ARF1-
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393Figure 2. Differences in Cellular Phenotypes of
ben Mutants
(A–D) BFA-treated (100 mM; 30 min) seedling
roots stained with anti-ARF1 endosomal marker
(green), anti-PM-ATPase (red), and DAPI (blue).
Internalized PM-ATPase colocalize with ARF1-
labeled agglomerated endosomes (BFA
compartment) in wild-type (A). PM-ATPase inter-
nalization is less pronounced in ben mutants
(B–D). In addition, ARF1 agglomeration is
strongly (B) and partially (D) defective in ben1
and ben3 roots, respectively.
(E–H) BFA-treated (100 mM; 30 min) seedling
roots stained with anti-gCOP/SEC21 Golgi
marker (green), anti-PM-ATPase (red), and DAPI
(blue). gCOP relocates to the periphery of BFA
compartment labeled by internalized PM-ATPase
in wild-type (E). PM-ATPase internalization is less
pronounced in ben mutants (F–H). gCOP aggre-
gation is strongly (F) and partially (H) defective
in ben1 and ben3 roots, respectively.
(I and J) Ultrastructure of BFA-treated root
epidermal cells embedded in LR-White. Whereas
wild-type cells form typical BFA compartment
with heterogeneous agglomerated endosomes
(arrow) surrounded by Golgi apparatus (I),
ben1-1 cells did not form typical agglomeration
but rather small homogenous clusters of endo-
membranes ([J], arrow). g, Golgi stacks. Scale
bars represent 10 mm in (H) for (A)–(H) and 1 mm
in (J) for (I) and (J).These experiments show that BEN1 codes for an ARF GEF
protein from the BIG subfamily. In mammalian cells, GDP-
GTP exchange of ARF GTPase is extensively controlled by
diverse ARF GEFs that can be subdivided into five structurally
distinct subclasses. In animals, ARF GEFs of GBF1/BIG
subfamily members localize to cis-Golgi, TGN, and recycling
endosome and are required for recruitment of COPI coat
proteins to ensure trafficking from cis-Golgi to ER (GBF1),
recruitment of adaptor complex to TGN, and protein trafficking
between endosomes and the TGN (BIG1 and BIG2) [28, 29].
Although functions of plant GBF homologs in protein traf-
ficking have been characterized [5, 30, 31], the role of BIG
subclass in plants has not yet been addressed.
ben1 Mutants Show Growth and Polarity Defects
Next we addressed the physiological role of BEN1. Another
allele of ben1, min7, has been shown to be defective in the
response to Pseudomonas syringae and shows increased
susceptibility to this pathogen [10]. When grown on vertical
plate, ben1 mutant roots (Figure S4C) and hypocotyls (Figures
S4D) were shorter than wild-type. Interestingly, these defects
were more pronounced on media without sucrose as recently
reported in some other endocytic trafficking-defective
mutants [32, 33]. At maturity, ben1 mutants were smaller as
compared to wild-type but had comparable number of
branches (Figure 3B; Figure S4E). Furthermore, we found
altered venation patterns in approximately 10% of ben1
mutants such that distal parts of veins are often disconnected
(Figures 3C–3E; Figure S4F). In terms of root gravitropic
response and lateral root formation, no significant defects
were observed in ben1 mutants (Figures S5A–S5C). Generally,
both ben1-1 and ben1-2 exhibited similar morphological
defects (Figures 3B–3E). However, most of phenotypic defects
observed in ben1 are relatively mild, hinting at functionalendosomes but ben1 mutation strongly compromises aggre-
gation of endosomes and the Golgi apparatus, whereas ben3
shows only moderate defects and ben2 mutation is unaffected
in these processes. These different mutant phenotypes
possibly reflect distinct roles of the corresponding genes in
vesicle trafficking (Figure S3C). Accordingly, these three ben
mutations mapped on different chromosomal locations
(ben1, middle of chromosome 3; ben2, bottom of chromosome
1; and ben3, bottom of chromosome 3). Given that the ben
mutant screen was performed on relatively small mutant pop-
ulation with estimated genome saturation of about 10%, it
provides a viable approach to isolate a number of genes with
roles at different points of endocytic trafficking.
The BEN1 Gene Encodes a Sec7-Domain Containing ARF
GEF from the BIG Subclass
We performed map-based cloning of the BEN1 gene. By using
w600 F2 plants obtained by crossing ben1 mutant with Ler,
ben1 locus was mapped on a 240 kb region on the chromo-
some 3. As a result of a candidate approach, we found a muta-
tion in the predicted ORF At3g43300, which encodes the Sec7-
domain protein AtMIN7/BIG5 [10, 26]. Sec7 domain is
conserved in ARF GEFs and catalyzes the GDP-GTP exchange
reaction [27]. In the ben1 mutant, a nucleotide substitution
from C to T is predicted to create a premature stop codon, dis-
rupting the Sec7 domain (Figure 3A). To further confirm that
the mutation in the AtMIN7/BIG5 gene is responsible for
ben1 phenotypes, we isolated homozygous T-DNA-tagged
ben1-2 mutant (SALK013761). As in the ben1-1 mutant, the
ben1-2 mutant exhibited a marked defect in internalization
and agglomeration of PIN1 (Figure S4A) and PM-ATPase (Fig-
ure S4B) after BFA treatment. Furthermore, similar trafficking
defects were observed in the F1 progeny of the cross between
ben1-1 and ben1-2 (not shown), confirming their allelism.
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Growth and Polar Targeting
(A) Domain organization of BEN1 protein. Domains conserved in ARF GEFs
from different organisms and relative positions of mutations are indicated.
Predicted amino acid sequence before the premature stop codon (asterisk)
is shown.
(B) Gross morphology of 8-week-old plants. ben1-1 and ben1-2 mutants are
smaller than wild-type. Quantitative analysis is shown in Figure S4.
(C–E) Venation pattern in 10-day-old cotyledons. In wild-type, vasculature is
connected to form closed rings at the tip of cotyledons. The ben1 mutations
affected the venation pattern, resulting in disconnected vasculature at the
corresponding region (arrows). Details are shown in Figure S4.
(F and G) Polar targeting as monitored by PIN1 localization in 4-day-old
seedling roots. PIN1 proteins mainly localize to basal sides in wild-type
root vascular cells (F) but its polar localization is compromised in ben1-1
mutant as reflected by relatively strong lateral signals (G).
(H) Quantitative analysis of polarity defect as verified by pattern of PIN1-
GFP and PIN1 localization in 4-day-old wild-type and ben1 mutant. Relative
fluorescent intensity at basal versus lateral sides for each cell were plotted
(gray dots), and average and SE (black bers) are shown. Exact p values ob-
tained from Mann-Whitney, two-tailed, nonparametric test were: PIN1-GFP
(WT) versus ben1-1, p = 0.0019; Col-0 (WT) versus ben1-2, p = 0.0035.
Scale bars represent 10 cm in (B); 1 mm in (E) for (C)–(E); and 20 mm in (G) for
(F) and (G).redundancy with other ARF GEFs, including previously char-
acterized GNOM/EMB30 [5] and GNOM-LIKE1 [30, 31]. Indeed
emb30/+; ben1/+, but not gnl1/+; ben1/+, plants produced
malformed embryos at a frequency significantly higher than
observed in single mutants (Figure S6). When combining
ben1-1 and ben2, we observed strong synergistic effects of
these mutations as reflected by dramatic inhibition of primary
root growth and aerial development (Figure S7). This is consis-
tent with the previous notion that BEN1 and BEN2 are involved
at different stages of endocytic trafficking.
To gain insights into mechanisms behind the developmental
defects, we further characterized ben1 phenotypes with
respect to ultrastructure and polar localization of PIN1. Ultra-
structural analysis revealed that ben1 cells had strange dilated
membrane structures typically associated with the plasma
membrane (Figure S8). For characterizing PIN1 localization,
we focused on young stele cells to see initial establishment
of polar localization. Visual inspection and a quantitative anal-
ysis showed that polar localization of PIN1-GFP and endoge-
nous PIN1 was compromised in the ben1 mutant (Figures
3F–3H). The fluorescent recovery after photobleaching (FRAP)
experiments showed no significant difference in FRAP of
PIN1-GFP between wild-type and ben1 mutant (Figure S9),
suggesting that PIN1 polarity defects in ben1 mutant are not
caused by reduced PIN1 secretion or recycling. These results
are consistent with a role of BEN1 in endocytic trafficking and
with recent findings that endocytosis involving Rab5 endocytic
regulator is required for establishment of PIN polarity [24].
Thus, our results corroborate a model that endocytic traf-
ficking is important for establishment of polar PIN localization.
Taken together, these results show that BEN1 function is
required for multiple aspects of plant development including
cell polarity, control of plant architecture, and pathogen
response. The involvement in these apparently unrelated
processes is consistent with a role of BEN1 in general cellular
process such as endocytic trafficking of multiple cargos.
Besides the PM proteins we tested, trafficking of other cargos
also likely involve BEN1 function. BEN1 ARF GEF has previ-
ously been identified as a target of bacterial effector and its
role in polarized callose deposition during infection was sug-
gested [10]. Therefore, callose or other components involved
in its biosynthesis are additional potential cargos that involve
BEN1/MIN7-dependent trafficking.
BEN1 Localizes to TGN/Early Endosomes
Next we addressed the site of BEN1 action in the subcellular
trafficking. The BEN1 antibody [10] labeled small speckled
structures in root epidermal cells that are reminiscent of plant
endosomes (Figure S10A). These signals were specific to
BEN1, as indicated by the fact that ben1-2 mutant cells did
not show such staining (Figure S10B). Upon BFA treatment,
the BEN1 antibody labeled aggregated compartments
(Figure S10C), suggesting that BEN1 predominantly localizes
to BFA-sensitive endomembrane structures. We next tested
whether BEN1 shows an overlapping subcellular localization
with other characterized ARF GEFs. However, neither
GNOM-GFP [5] nor GNOM-LIKE1-YFP [30] colocalized with
BEN1 (Figures 4A and 4B), suggesting that BEN1 has a distinct
role in regulating vesicle transport. After BFA treatment, both
GNOM-GFP and BEN1-labeled endosomes rapidly agglomer-
ated, often forming heterogeneous BFA compartments
(Figures S10E–S10J), again indicating that subcellular localiza-
tion of GNOM-GFP and MIN7 are distinct from each other even
though both are sensitive to BFA.
ARF GEF in Early Endosomal Trafficking
395To gain detailed insights into the membrane trafficking
pathway involving BEN1, we performed a colocalization study
with various subcellular markers. A large fraction of BEN1
protein colocalized with ARF1-GFP (Figure S11A), which local-
izes to endosomes and to GA [34]. On the other hand, Golgi
markers N-ST-YFP [35] and SYP32-YFP [24] showed no or
only marginal colocalization (Figures S11B and S11C). We
also observed only partial colocalization between BEN1 and
GFP-RabF2b (Figure S11D) that mainly localize to prevacuolar
compartment (PVC)/multivesicular body (MVB) and partially to
TGN [36, 37]. In contrast, TGN-localizing markers VHA-a1-GFP
[25] and SYP61-CFP [38] colocalized almost completely with
BEN1 (Figures 4C and 4D). In summary, the colocalization
studies revealed that the majority of BEN1 localizes to TGN
compartment.
TGN has been suggested to function also as an early endo-
some in plant cells [25, 39]. Consistently, TGN markers VHA-
a1-GFP [25] and SYP61-CFP (Figure S12A) rapidly colocalize
with FM4-64 endocytic tracer already at early stages of FM4-
64 internalization, whereas GNOM ARF GEF-positive struc-
tures are involved at later stages, probably in recycling
process (Figure S12B) [40]. Consistently, FM4-64 colocalizes
with BEN1-GFP-positive structures at the very early stages
Figure 4. BEN1 Localizes to the trans-Golgi
Network/Early Endosomes
(A–D) Immunofluorescence labeling of seedling
root tips with subcellular markers (green), anti-
BEN1 antibody (red), and DAPI (blue). BEN1
localizes to distinct compartments than GNOM
and GNL1 ARF GEFs (A, B). Almost complete
colocalization with TGN markers VHA-a1 (C)
and SYP61 (D).
(E) Endocytic tracer FM4-64 colocalize with GFP-
fused BEN1 protein in BY-2 cells already a few
minutes after FM4-64 internalization. Colocalized
FM4-64 (red) and BEN1-GFP (green) signals are
indicated by arrows on magnified images.
(F) Model of BEN1 action in endocytic trafficking.
BFA-sensitive ARF GEF GNOM mediates vesicle
budding at recycling endosome (RE). Endocy-
tosed materials rapidly accumulate into TGN/
early endosome, whereas recycling endosome
is labeled only later by endocytic tracer FM4-64.
BFA inhibits ARF GEF GNOM and possibly other
unidentified BFA-sensitive pathway(s) to inhibit
recycling, partially vacuolar trafficking, and
cause agglomeration of endosomes and cargo
proteins in the BFA compartment. BEN1 ARF
GEF at TGN/EE mediates endocytic trafficking
to BFA-sensitive recycling pathway. In this
scenario, associated trafficking pathways (in
blue) are also compromised in ben1 mutant.
Bypass pathways (orange) appear to be func-
tioning in the absence of BEN1 function.
Scale bars represent 2.5 mm in (D) for (A)–(D) and
20 mm in (E).
of its internalization in cultured tobacco
BY-2 cells (Figure 4E). Taken together,
BEN1 localizes predominantly to TGN/
early endosomes, which is also consis-
tent with its role in mediating internaliza-
tion of constitutively cycling plasma
membrane proteins such as PIN1 and
PM-ATPase (Figure 4F). Thus, BEN1
represents an ARF GEF mediating early stage(s) of endocytic
membrane trafficking that is distinct from the other pathways
involving known ARF GEF proteins.
Conclusions
Here we provide important novel insights into the mechanism
of subcellular trafficking in plants. We show that forward
genetics in Arabidopsis with fluorescence-based imaging of
subcellular markers is a feasible approach to identify novel
components at various steps of endocytic trafficking
processes. By screening for mutants with defects in constitu-
tive endocytosis of PIN1 auxin transporter, we identified
BEN1—a Sec7-domain containing ARF GEF regulator of
vesicle trafficking from the BIG subclass. BEN1 localization
(Figure 4; Figures S10 and S11) and the trafficking defects in
the loss-of-function mutants (Figures 1 and 2) strongly suggest
a primary function of BEN1 at the level of TGN/early endo-
some. The trafficking from the early endosome to the recycling
endosome seems to be the most affected process; other
(possibly indirectly) influenced processes include endocytosis
at the plasma membrane and ARF GEF-dependent trafficking
to the vacuole (Figure 4F; Figure S2). Thus, BEN1 shows
distinct roles and localization patterns as compared to other
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BEN1 acts at the level of early endosomes at earlier stages
of endocytic trafficking than GNOM ARF GEF that is involved
at the level of presumptive recycling endosome [5]. The role
of BIG ARF GEF subclass in plants is so far unknown and
our data provide a strong support for the scenario that at least
some members of this class are involved in endocytic traf-
ficking. Thus ARF GEFs of the BIG class in plants supplies
a role similar to ARF GEFs from EFA6, cytohesins, and BRAGs
subclasses that play this role in animals but are absent in
plants [28]. These findings reveal important differences in
molecular mechanism of endocytic trafficking in animals and
plants and highlight the independent evolutional diversifica-
tion of ARF GEF-dependent trafficking pathways.
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Supplemental Data include Supplemental Experimental Procedures and
13 figures and can be found with this article online at http://www.
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